D5-brane type I superstring background fields in terms of 
type I IB ones by canonical method and T-duality approach 

B. Nikolic ^and B. Sazdovic * 
^ . Institute of Physics, 11001 Belgrade, P.O.Box 57, Serbia 

April 13, 2010 

< 
(N 

Abstract 

We consider type IIB superstring theory with embedded Z?5-brane and choose 
O ■ boundary conditions which preserve half of the initial supersymmetry. In the canonical 

approach that we use, boundary conditions are treated as canonical constraints. The 
effective theory, obtained from the initial one on the solution of boundary conditions, 
has the form of the type I superstring theory with embedded _D5-brane. We obtain 
the expressions for D5-brane background fields of type I theory in terms of the D5- 
CNl ! brane background fields of type IIB theory. We show that beside known f2 even fields, 

they contain squares of f2 odd ones, where is world-sheet parity transformation, 
O : tx — >■ —a. We relate result of this paper and the results of [1] using T-dualities 
along four directions orthogonal to Z?5-brane. 
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PACS number (s): 11.25.Uv, ll.25.-w, 04.20.Fy 



X ' 1 Introduction 



It is a known fact that states of the type IIB superstring theory even under world-sheet 
parity projection Q : a — >• —a correspond to the states of type I superstring theory [2]. 
More precisely, the states, which correspond to the background fields: graviton G^ u and 
dilaton <I> from NS-NS sector, the sum of two same chirality gravitinos = ^ + 
and dilatinos A" = X a + A Q from NS-R sector and two rank antisymmetric tensor yb 2 ) 
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from R-R sector, survive this projection. The states that are odd under Q transformation: 
antisymmetric tensor B^ v from NS-NS sector, difference of two gravitinos = ip? — 
and dilatinios A" = X a — X a from NS-R sector, and scalar and four rank antisym- 
metric tensor with self dual field strength from R-R sector, are eliminated by above 
projection. 

Here we will consider the propagation of the open string in the background of type IIB 
theory. In order to clarify notation and terminology we will distinguish two descriptions 
of the same theory. We start with variables x^, 6 a and 6 a and background fields G^, 
B^ u , and F a @ where the theory is described by equations of motion and boundary 

conditions. We are able to solve boundary conditions and introduce the effective theory 
defined only by equations of motion. It turns out that this effective theory is again the 
string theory, but in terms of effective coordinates and effective background fields. As 
a consequence of the boundary conditions, effective theory is 2ir periodic and describes 
propagation of closed string in the background of type I theory. 

In Ref . pp we investigated the relation between type IIB and type I superstring theories 
in pure spinor formulation [31 HJ- It turned out that effective theory, obtained from initial 
one on the solution of boundary conditions, is just type I closed superstring theory. We 
improved known expressions for type I background fields with terms bilinear in J7 odd 
fields of type IIB superstring theory. In the present paper we extend the result of Ref. [I] 
embedding Dp-brane so that string endpoints move along it. Let us note that the action, 
which we used in Ref. |1] and in the present paper, can be obtained from general expression 
for type IIB superstring action [5] requiring that all background fields are constant and 
neglecting all nonquadratic terms. Consequently, all results we obtain are valid up to 
quadratic level. 

We want to have stable Z?p-branes [2] both in initial and final (effective) theory. Elec- 
trical charge and charge of magnetic dual brane in D = 10 are given by the following 
expressions, respectively 

e P= * F (8-p) ' = / F (p+2) , (1-1) 

Js s -p JSP+ 2 

where F(p+2) = ^(p+i) is field strength and *F( 8 _ p ) is its Hodge dual. The R-R sector of 
type IIB theory contains gauge fields A^, Ar 2 ) and ^4(4)- In effective, type I superstring 
theory, only two form gauge field, A( 2 ), exists. It couples electrically to Z)l-brane (ei) and 
magnetically to D5-brane (^5). In order to work with stable Dp-branes in both theories, 
we will embed Z)5-brane. 

We choose Neumann boundary conditions for x l coordinates (i = 0,1,..., 5), and 
Dirichlet boundary conditions for the rest ones x a (a = 6, . . . , 9). In this way we embed 
D5-brane in type IIB and type I theories in D = 10, and break the initial symmetry 
50(1,9) to SO(l,5) x SO(4). 
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Any D = 10 dimensional Majorana-Weyl spinor S a (a = 1, 2, . . . , 16) can be expressed 
in terms of two D5-brane opposite chirality Weyl spinors, S ai and S a2 {0,1,0.2 = 1, 2, . . . , 8) 
[21 [6J [7J. According to this decomposition of spinors, the ten dimensional bispinor F a ^ 
can be expressed in terms of 8 independent Z)5-brane bispinors (Appendix B). It turns 
out that R-R sector on L>5-brane contains four scalars am\, four vectors am and four 
two rank antisymmetric tensors ap) with self-dual field strengths. For fermionic D5- 
brane coordinates we choose, (6 ai — # ai )|o = and (6 a2 + # a2 )|o = 0, which produces 
corresponding boundary conditions for canonically conjugated momenta, (ir ai — 7f Ql )|o = 
and (ir Q2 +vf a2 )|o = 0. 

In our approach boundary conditions are treated as canonical constraints. It turns 
out that all constraints originating from boundary conditions are of the second class. 
Solving the second class constraints, we obtain effective theory, which is described by the 
£1 even Lagrangian. We recognize effective theory as type I theory with embedded D5- 
brane. Consequently, we obtain the expressions for D5-brane background fields of type I 
superstring theory in terms of corresponding ones of type IIB. More precisely, Z)5-brane 
background fields of type I theory, beside known term with Q even fields, contain new 
term with quadratic combinations of SI odd D5-brane background fields of type IIB theory. 
The quadratic parts of effective background fields can be considered as super symmetric 
generalization of the open string metric G e /J obtained by Seiberg and Witten [8]. 

The expressions for Z?5-brane background fields of type I theory can be obtained 
directly from the expressions for effective background fields of Ref. [lj using T-dualities 
along x a directions [9]. 

At the end we give some concluding remarks. Also there are four appendices. In Ap- 
pendix A we introduce representation of gamma matrices adopted from first reference in 
[2j and then consider the spinors in ten and six dimensions and relations between them. 
The Appendix B deals with bispinors in ten and six dimensions. We showed that ten 
dimensional bispinor can be expressed in terms of eight independent D5-brane bispinors. 
Discussion about complex coordinates and their canonically conjugated momenta is given 
in the Appendix C. The complete consistency procedure for fermionic constraints is pre- 
sented in Appendix D. 

2 Embedding .D5-brane in type IIB theory 

In this section we will consider action for type IIB theory in pure spinor formulation [12 [5]. 
This theory is originally formulated using BRST charge and contains ghost fields. As in 
[4], we drop ghost terms and consider only ghost independent part of the action. We will 
preserve the parts of background fields which are nontrivial on the embedded D5-brane, 
where the open string endpoints are attached. 
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Let us start with sigma model action for type IIB superstring of Ref.[5] 



S = Sq + Vsg ■ 

The action in a flat background 
So-- 

is deformed by integrated form of the massless IIB supergravity vertex operator 

Vsg = / ^^X^AmnXm ■ 



d 2 i (^v mn v^d m x»d n x v - 7r a d.e a + d+e a Tt c 



(2.1) 



(2.2) 



(2.3) 



The world sheet £ is parameterized by £ m = (£ = r = a), and D = 10 dimensional 
space-time is parameterized by coordinates (fi = 0, 1, 2, . . . , 9). The fermionic part 
of superspace is spanned by same chirality fermionic coordinates 9 a and 8 a , while the 
variables ir a and Tt a are their canonically conjugated momenta. These fermionic coordi- 
nates and momenta are Majorana-Weyl spinors in D = 10 dimensions. We use notation: 
X = d T X, X' = d a X and d± = d T ± d a , where X is an arbitrary function of r and a. 

For our purpose it is enough to consider the part of left and right super symmetric 
tensors 



Xm 



( d+e a \ 




/ d_6 a \ 




, Xn = 




\ d a J 







(2.4) 



and matrix 



Amn 



E 



\ 



Aaf} A c 

Aflfj A^y JJJ^ 

E a p E™ P alB J 

Matrix with superfields generally depends on x^, 6 a and 6 a . 

The BRST invariance of vertex operator produces equations of motion 



(2.5) 



D a Ap 7 = 0, T a / upaX D a A^ = 0. 



(2.6) 



We will additionally require that all background fields in (|2.5p are constant and restrict the 
analysis only to the quadratic terms. With these assumptions there exists simple solution 



14 -> d±x^ , d a - 
and only nontrivial superfields take the form 



7T 



d a 



pa/3 _ J_pc 

2k 



(2.7) 



(2. 
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where is symmetric and B^ u is antisymmetric tensor. We adopt expressions to be in 
agreement with our conventions. 

Under imposed condition we obtain the vertex operator 



V SG 



L 



Together with flat background action it produces 

1 



+ 



- mn/~i I .train 



[IV 



dm^^ 1 9 n X 



.(2.9) 



(2.10) 



2k 



where G^ = r)^ + g^. 

Choosing Neumann boundary conditions for x l (i = 0, 1, . . . , 5) and Dirichlet boundary 
conditions for orthogonal directions x a (a = 6,7,8,9), we embed D5-brane in D = 10 
dimensional space-time. Orthogonality of these two sets of coordinates implies G{ a = 0. 
We assume that antisymmetric Neveu-Schwarz field is nontrivial only along Z)5-brane, 
B^ u — > Bij. In NS-R sector the nonzero components and *Sff can be expressed in terms 
of D5-brane Weyl spinors Wf 1 , , ^f 1 and (see Appendix A). The rest ones ^f" and 
V?" are set to zero. In the R-R sector we assume nonzero value of all Z)5-brane bispinors 
(see Appendix B). Because we restricted our analysis to quadratic terms, the part of the 
action describing the free string oscillation in x a directions decouples from the rest. Taking 
into account all these assumptions, the action gets the form 



+ 2K 
+ 2K 
+ -9fc 

K 



+ -fR 

K 



k f d 2 i ^Gij + e^Bij d m x l d n xi 

|^ d 2 i [-7r ai (a T - d a ) (r 1 + + (d T + d a ) (r 1 + *?v) 
|^ d 2 z [-7r a2 (d T - du ) (r 2 + ¥?v) + (s T + d a ) (r 2 + *?v) Tf, 

<?ai/3i- | ir<*lj3l =.* „ ^a2/?2- „ fOtifii-* 

TTai/ll 7T/3i +7Tai/l4 ~ ^"2 J22 ^2 - ^02/23 ^ 

/CX.2&1 — £Oi\Qo - 1 £OLoQ\ — * /•CKl/32-* 

21 -Tai/12 ^2 + ?W24 -Tai/13 ^ 



(12 J 



(2.11) 



where 3? means real part of some complex number and * means complex conjugation. 

In Table 1 we summarize the list of the background fields of the type IIB superstring 
theory in D = 10 dimensional space-time, fields living on the D5-brane and the rest fields. 
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Sector 


x» (/x = 0,l,...,9) 


x i (i = 0,l,...,5) 


x a (a = 6, 7, 8, 9) 


NS-NS 


$ = 


Gij 
Bij 


G ia = , G ab (decoupled) 

-E>ia = B a b = 


NS-R 


M 
M 






R-R 




fCeiPl ra2^2 

111 '^22 W23 

fCti/32 fQ!2/3i f«i/32 jct2/3i 

112 'J21 'il3 '^24 





Table 1: Background fields of the type IIB theory: the complete set, part living on D5- 
brane and the rest fields eliminated from the theory. 

3 Canonical analysis of type IIB superstring theory with 
D5-brane 

In this section we will perform canonical analysis of pure spinor formulation of type IIB 
theory with embedded D5-brane. 

3.1 Canonical Hamiltonian 

Momentum canonically conjugated to x % has the form 

^ = q-i= < G iJ iJ ~ 2B ijX V) + 25? (-tto^ 1 - vr Q2 ^ 2 + ^7t ai + Vf 2 *^) , (3.1) 

while by definition the momenta 7r Ql , 7r Q2 , w ai and 7f Q2 are canonically conjugated to 
the coordinates 6 ai , 6 a2 , 9 ai and 9 a2 , respectively. In Appendix C we discussed this 
connection between complex coordinates and momenta. 
According to the definition of canonical Hamiltonian 

e ai TT ai + e it ai + e a2 Ti a2 + e n a A-c, (3.2) 

we have 

H c = j da-He , U c = T_ - T+ , T± = t± - t± , (3.3) 

where 

t± = T-^-G tj I±il±j , 

I ±i = vr, + 2Kll ±i jx'3 + 2K (vr Ql *^ + 7T a2 ^ 2 - *^7f Q1 - V? 2 ^) , 

r + = 2^[(e^+^x H )7r ai + (e' a2 + ^ 2 x H )7T a2 ] 

SO ( ~r f a lPl~ i „ f&lPl=.* „ ^"2/32- „ ^"2/32-* \ 

- 2k V^i-fn ^1+^1/14 ^1-^2/22 ^2-^2/23 ^2 J 
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2k 



f ai/3 2 



T_ = 23? + tffV*) 7f ai + (fl'" 2 + tff X*) 7f, 



tt2 J 



SO / ^r- #"1P1^ I _ #«lPl=* _ r"2P2- _. ^02P2- 

2k ^ 11 ^ ^1/14 ^-^2/22 ^2-^2/23 ^ 



f02/?2 -* 



2k V 2 21 ^ ~~ ai, ' 1 2 ^2+^2/24 ^1 
Using the standard Poisson bracket algebra 



7T, 



{0 al 



{x i (a),7r j (a)} = 5V( ( j-(T), 

-^/(a-a), {^Or),^*)} 
-5% 2 «5(a-<7), (a), 7^(0)} 



(3.5) 

-5 a2 fe 5(a-a), (3.6) 



we calculate the algebra of currents 

{i±i(^) , M^)> = ±2 K G 4j «5' , {Jii (a) , I Tj (a)} = . [a 7 = ^(a - a)] (3.7) 

With the help of this algebra we find that components T± satisfy Virasoro algebra 

{T±(a),T ± (a)} = -[T ± (a)+T ± (a)]5' , {T±(a) , T T (a)} = . (3.8) 

The Poisson bracket between canonical Hamiltonian and current I-y is proportional to its 
sigma derivative 

{H c ,I ±i } = Tl' ±i . (3.9) 
3.2 Boundary conditions as canonical constraints 

Following method of Ref.[10j, using canonical approach, we will derive boundary conditions 
directly in terms of canonical variables. Varying Hamiltonian H c we obtain 



5H r = 6H^ 



( R*\ 

where 5Hc is regular term of the form 

6HW = J da [AiSx* + B'Sm + 2K (C ai 59 ai + D ai 59 ai + E ai 5ir ai + F ai 5n ai )] 

+ 2$tJ da (C a2 56 a2 + D a2 56 a2 + E a Hn a2 + F a Hn a2 ) , (3.11) 

and 



7 f W + 2K (Tr ai 56 ai + Se ai 7t ai ) + 25? (-JT a2 59 a2 + (W a2 vr a2 ) * , (3.10) 



„(°) 



IL^'j-i + Tljl+j + 25? (vr^ 1 + 7r Q2 *f + ^ Ql 7r Ql + *f 7f a2 ) . (3.12) 



As a time translation generator Hamiltonian must have well defined derivatives with re- 
spect to its variables. Consequently, boundary term has to vanish and we obtain 

7 f W + 25ft (7r ai 59 ai + S6 ai n ai ) + 2K (Tr a2 59 a2 + 56 a2 it 



'«2I 



0. 



For bosonic coordinates x % we choose Neumann boundary conditions, implying 

-y (0) r -o 

H lo — u ' 



while for fermionic coordinates we choose 



Wl ncti ' 



0. 



Q-2 _|_ QOt2 s 



which produces additional boundary conditions 



71V, 



According with Refs.JTUJ [HI E2], we will treat the expressions (|3.14p - (|3.16|) as canonical 
constraints. 



, (TT Q2 + 7T 



o, 



0. 



(3.13) 
(3.14) 
(3.15) 
(3.16) 



3.3 Consistency of bosonic constraints 



Using Eq. (|3.9|) and standard Poisson algebra, the consistency procedure for 7^ produces 
an infinite set of constraints 7-™^ (n = 1, 2, . . .) with 



% 

+ 2K 



l +3 



They can be rewritten in the compact a-dependent form 

00 n 

T *w = E^ ) ^ = °) = n +^( CT )+ n - ^(-^) 



n=0 



= ^ + 2(5Cr - kG#V + m \u +i j P s 7r ai (a)^ 1 + U +i j P s 7r a2 (a)% 



n_J*fp,if ai ((7) + p s ff a2 (a) 



(3.18) 



Here we introduced new variables, even and odd under world-sheet parity transformation 
Vt : a — > —a. For bosonic variables we use standard notation [111 [T2] 

q\a) = P s x\a) = \ [x\a] + x\-a)\ , q\a) = P a x\a) = ± [x\a) - x\-a)\ , 

(3.19) 

Pi(a) = P s TTi(a) = - [-Ki(a) + 7Ti(-a)] , Pi{a) = P a ^M) = - [^(cr) - vr^-cr)] , (3.20) 
while for fermionic ones we explicitly use the projectors on £1 even and odd parts 

p s = l(i + n), p a = i(i-Q). 



(3.21) 



S 



3.4 Consistency of fermionic constraints 

The complete consistency procedure is given in Appendix D. Here we write only the form 
of the fermionic constraints after Dirac consistency procedure. 

We start consistency procedure for fermionic constraints, (|3.15p and (|3.16p . applying 
this procedure to the variables 

and obtain an infinite set of the constraints (n = 0, 1, 2, 3, . . .). The complete set of 
constraints following from boundary conditions (|3. 15 j) and Dirac canonical procedure, in 
compact notation at a = has the form 

r Ql (a) = e ai (a) - G Q1 (a) , T a2 (a) = Q a2 (a) + Q a2 (a) , (3.22) 

where right-hand side variables are defined in (ID.8P - (|D.9|h Similarly, from (|3.16p . we have 

r^(o-) = Tl ai (<j) - n Ql (cr) = n ai (-a) - Tt ai (a) , 

Tl 2 {a) = U a2 (a) + U a2 {a) =Tr a2 (-a) + 7t a2 (a), (3.23) 

where II ai , H a2 , Ii ai and I1 Q2 are defined in Eq. ()D.10p . 

For all bosonic and fermionic constraints we also apply the consistency procedure at 
a = tt and obtain similar expressions, where all variables depending on —a are replaced by 
the same variables depending on 2tt — a. That set of constraints is solved by 2tt periodicity 
of all canonical variables as well as in Refs.fTTl I12j. 

3.5 Classification of constraints 

Let us denote all constraints with Ta = (Ti , T" 1 , T° 2 , IT , ) . From 

{H c ,T A } = T' A ^0, (3.24) 

it follows that all constraints weakly commute with canonical Hamiltonian, so there are 
no more constraints in the theory and the consistency procedure is completed. 

We are going to classify the constraints. For practical reasons, in order to classify the 
constraints easier, let us first consider the quantities T'" 1 and T' a2 instead T ai and T a2 , as 
constraints in the theory. The algebra of the constraints = (r^ ,r /ai ,r /c * 2 )TJ ) 
has the form 

{*T A ,*r B } = M AB 5', (3.25) 
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where the supermatrix Mab is given by the expression 



M AB 



Mi M 2 
M 3 M 4 



( 


(Mi)^ 


MJ 1 


Mf< 2 


M lSl 


M i52 \ 




M ai j 


Mam 




M ai Sl 


M ai s 2 




M a2 j 


_/Vf"27l 




M a2 5l 






M^j 










\ 


M M 








Mp 2 s 2 ) 



(3.26) 



V 















-2(V e ff) ai j 




~(/l2^) ai72 


-2<5 Q i 5l 





_2(* e //) Q 2 j 









-25 a * 52 






















-2<V 2 









To the fields appearing in matrix Mab we will refer as the effective background fields. 
They are defined as 



G 



eff 



— Gij — 4BikG kl Bij , 



U>% + B ik G k ^ a _) , (* e //)r = + B lk G k ^l) , 



(*eff) 

(fn f T lPl = (/n) ai/31 - ^G^V 1 .- , (fli f )° 2/32 = (/ 2 a 2 ) Q2/32 - #" 2 G*%J 2 , 



(3.27) 



where 



(/ 



s\aipi 



_ (/Q1/3l 



(3.28) 



The matrix is independent of the field strengths /{^^ 2 , f^i^ 2 } fii P2 an d 

because boundary conditions depend on complex conjugated momenta 7r* but not on the 
corresponding coordinates 9*. 

From the definition of superdeterminant 



s det Mab 



det(Mi - M 2 M4 1 M 3 ) 
detM 4 



and using the fact that 



we obtain 



(M 2 M 4 " 1 M 3 ) ii = , det M 4 = const. , 



s det M A b ~ det 

- ■ ■ i j 



(3.29) 

(3.30) 
(3.31) 
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Because we assume that effective metric G^J is nonsingular, we conclude that con- 
straints are of the second class. 

The original constraints F ai and T a2 have the form (see Appendix D) 

00 n 

r Q1 = (0 Q1 - * ai )l*=o + £ tt( w " w)(" = °) ' 



n! 

ra=l 



OC 



n=l 

The second class constraints and T' a2 are effectively the derivatives of the parts under 
the sums. It is easy to check that zero modes, (6 ai — 9 ai )\ a= Q and (9 a2 + 9 a2 )\ a =o, are 
also second class constraints, and consequently, the complete set of the constraints, Ta, is 
of the second class. 

The reason for having two steps in this consideration is that Poisson brackets of con- 
straints *Fa closed on 8' function while those with zero modes closed on 8 function. 

4 Solution of the constraints 

The solution of the second class constraints originating from boundary conditions, Tj = 0, 
r ai = 0> r° 2 = 0, = and Tl 2 = 0, has the form 



x 



\a) = q l - 20*' £ da lPj + (q™ £ da lPai + Q ic " 2 £ da lPa )j , vr, = Pi , (4.1) 

9 ai (cr) = ^(r i +r i )-e iQ1 [ a da lPi -G a ^ [° da^ - f da lP p 2 

1 Jo Jo Jo 

- *O a ^ f 7 da lP } x - *@ a ^ 2 f 7 da lP % , 

Jo Jo 

vr Ql = p ai + p ai , (4.2) 

6 a2 {a) = -(f* 2 +| a2 ) -O ia2 [ da lPi - @ a2/31 [ da lP/3l -Q a2 ^ 2 [ da lP p 2 

2 Jo Jo Jo 

- *e Q2A r da lP \ - *e a2/32 [ a da lP % 2 , 

Jo Jo 

Ka 2 = Pa 2 + Pa 2 , (4-3) 

9 ai (<r) = 9 a 1 (a) - i a 1 (a) = \ (r 1 - t 1 ) - Q iai r da m 

1 Jo 

6 Qlft r da mi - Q a ^ 2 ^ da lP p 2 - *O a ^ ^ da lP * h - *Q a ^ 2 ^ da lP } 2 , 
Jo Jo Jo Jo 

TTai = P ai - p ai , (4.4) 
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r 2 (a) = -9 a2 (a) + i a2 (a) = - - (£° 2 - £° 2 ) + ® ia2 \ da lPi 



+ 9 Q2ft / da lPPl + 6 a2& / da lPfS2 + *Q a ^ / da lP * Pl + *e Q2/?2 / , 
Jo Jo Jo Jo 

Tt a2 = ~Pa 2 + Pa 2 , (4.5) 

in terms of the bosonic f2 even and odd variables given in (|3.20p and the fermionic variables 



a -2 



Pai 

Pa2 



p s e° 2 = -p s o a2 , £° 2 = p a (e a2 + e a2 ) 

Pai = Pa^ai ~ 

Pot2 — Pa^a.2 — Pa^ct2 ■ 



Pa^<x\ ; 



Ps^a2 



Ps^Cl2 



The coefficients multiplying momenta are defined as 
1 



Q ia l 



-{G-JfBG- 1 )^ , 
1 



K 



CX2 



2k 



012 
+3 



(4.6) 



(4.7) 
(4.8) 



e 



atiPi 



+ 



1 

2k 

Qii 



T7-(/ll) ai/31 



(4.9) 



e 



1 



0/32Ql = ^ (/ a lft + f p r) _ 4 (* e// )fie« : (* e// )f 

1 r"'*- 7 r i 

-$! 1 i (G- 1 BG- 1 )%5 + - + , (4-10) 



+ 



2k 

G ij 



(4.11) 



"Qcafii = JL(ffih + /*f «i) + 4(* e// )f 1 9^(* e// )f 1 - -^(G-^G- 1 )^*^ 1 



+ 



Ql 



J 

(4.12) 



_ {fulfil _i_ f*^2Q!l> 



4k 



4(* e// )^9«(* e// ) 



*/3 2 



^ ■ + 



G JJ 



*^(*e//)f 2 +*;?(*e//)f ,(4-13) 
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^0^2/32 



+ 



G ij r 



Kj 

(4.14) 



5 Type I theory as effective theory of type IIB one 

In this section we will find the effective theory, which is defined as type IIB theory on 
the solution of boundary conditions. Correlating it with type I theory we get relations 
between their background fields. 



5.1 Effective Hamiltonian and Lagrangian of type IIB theory with D5- 
brane 

The initial theory is described by variables x l , 8 ai , 9 a2 , 9 ai and a ' 2 . On the solution of the 
constraints initial theory turns into effective one expressed in terms of effective variables 
with well defined n parity q\ f* 1 , £° 2 , | Ql and f Q2 . 

To obtain an effective Hamiltonian we have to put the solutions of the constraints into 
the expression for canonical Hamiltonian. First, we introduce effective current 



a2 r> 1 



+ m 



and correlate it with the currents I±i 

i ±i = ±2(n ± G;/ / )// ±j . 



(5.1) 



(5.2) 



Now, substituting last relation and the solutions (|4.1|) - (|4.5p into canonical Hamiltonian 
(|3.3p . we get the expression for effective one 
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where 



From effective Lagrangian 



c eff = c?Pi + 23? [i ai Pai + e 2 Pa2 + e _ p ai + ^ ~p Q2 

and equations of motion for momentum pj, we find the relation 

Pi = ><(-;{ f <i J + 45? [(vPe//)rPm + (*e//)? 2 P« 2 ] , 



P/3!_ 

(5.3) 
(5.4) 

(5.5) 
(5.6) 



which enables us to eliminate effective bosonic momentum pj. Putting this relation into 
expression for effective current I±i f)5. 1 1) we obtain 



I±i = KG+j'tf ± 9°') + 4IVK [*«(p Ql ±p Ql ) + ^-(Poa ±Pa a ) 



(5.7) 



Substituting last two expression into effective Lagrangian (|5.5[) we obtain its final form 

C eff = 

+ 23? 



l lG e i l f V mn d m q i d n qj + 23? [(^ - f ai + 2(¥ e// )?V ) />„ 



r T-c /ai -2(* e// r^)p~ Q1 



+ 23? 

+ -3? 

n 



r_Cf 2 



r 2 - r 2 + 2(¥ e //)?vj p« 2 + ^ - ^ 2 - 2(^ e// )r^j 

vMh^m -P«i(ftl f Y^m +Po t2 {f e 2 l s r h Pp 2 -p a2 (f e 2 l s r P2 h, 
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+ -5ft 

K 
K 

+ -5ft 



Pai/14 Pft PaiJi4 P^ + Pa 2 ,/ 2 3 P/3 2 Pa 2 J23 Pfr 



(X202-* 



Pai 7l3 P/3 2 P"l J 13 



aip2 ~* 



(5.8) 



where effective background fields G?j f , (tfe//)? 1 , (^e//)" 2 * (ft{ f ) aiPl , (/u / ) ai/3a and 
(/l/^) 02 ^ 2 are defined in Eq, ([3.270 . We also introduce notation for improved Z)5-brane 
bispinors 



J 14 — 2^14 /14 J ^-i^ w -j ' J23 — 2^23 J23 I ^ +i u w +j > 

(5.9) 
(5.10) 



J1Z 



/is 



J 24 



which have similar forms as effective ones ([3.270 . but which do not appear in algebra of 
constraints (13.250 . Note that all terms in £ e -^ are even. 

In the supersymmetric case \E'^ and play the same role as the antisymmetric field 
By in pure bosonic case. In fact, none of them appears explicitly, but they contribute as 
the bilinear terms in the background fields of effective theory 113.270 . (15.90 and ([5.100 . 

Initial Lagrangian ([2.110 depends on variables x l , 8 ai , 9 a2 , 9 ai , 9 a2 , n ai , ir a2 , n ai and 
Tt a2 , and effective Lagrangian depends on the effective variables with well defined O parity 
) Pai > Pa 2 > Pai and pa 2 • In order to compare initial and effective theories 
we have to make correspondence between variables. If we substitute initial variables x l , 
9 ai , 9 a2 , 9 ai and 9 a2 with momenta independent parts of their solutions, x l —> q 1 , 9 ai — > 
l^ai 0»2 l(faa +| Q 2), 0«i -> l(^i -| ai ), ^ -> -1(^2-^2), and fermionic 

momenta with their complete solutions ([4.20 - ([4.50 . ir ai — > p ai + p ai , ir a2 — )■ p a2 + p a2 , 
jf ai — > p ai — p ai and Tt a2 — > —pa 2 + Pa 2 i n Lagrangian ([2.110 . we obtain 



C 



+ 



\G ij r i mn d m q i d n ^ + KS^Bijdmq'dnq 



+ 25ft 
+ 25ft 
+ ijft 
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K 

+ -5ft 
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+ 
+ 

+ 
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1 
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(5.11) 



Comparing this Lagrangian with effective one 
substitution 



we can conclude that C — > C e ^ after 
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J 14 7l4 ~ ' 
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f«2/?2 , f*/92Q2 . 
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fOtxPl _i_ f*-PlOL\ 

J 13 "TJ24 


+ 0. 



0, 



(5.12) 



In our approach the effective theory has been obtained from initial IIB one with em- 
bedded D5-brane on the solution of boundary conditions. The condition of 2tt periodicity 
of all canonical variables solves boundary condition at a = ir in terms of that at a = 0, 
and consequently, this is a closed string theory. The effective theory is Q symmetric part 
of type IIB superstring theory, and we expect that it should correspond to the type I 
superstring theory with embedded D5-brane, which will be shown in the next subsection. 



5.2 Type I superstring theory with D5-brane 

In order to work with stable initial and final theories we should embed 7?5-brane both 
in type IIB and type I string theories. We have already done this for type IIB theory 
and now we will apply similar procedure for type I superstring theory. The corresponding 
Lagrangian is of the form pQ 

- n a (d T - d a ) [rf + (ttj)X] + ( d r + W* + " ^a{Fi*T) a ^ . (5.13) 
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Index / stands for type I superstring theory and variable is symmetric under trans- 
formation. The field strength (Fj*T) a P is antisymmetric under permutation of indices, 
(i 7 7 > r) a/3 = —(Fi*T) l3a , where matrix *r is defined as (see Appendix A) 



/ -7 



T 



p0plp2p3-p4p5 



V 





-7 

-7 

-7 / 



(5.14) 



Let us embed Z)5-brane in this theory. For coordinates q l (i = 0, 1, . . . , 5) we choose 
Neumann and for q a (a = 6, 7, 8, 9) Dirichlet boundary conditions. We can take that q l 
and q a are orthogonal coordinates which implies G\ a = 0. Also we take that field (^j)^ 
is nontrivial only on D5-brane, (^/)^ — > (^i)f ■ The term which describes the free string 
oscillation in q a directions decouples from the rest. 

In Table 2 we summarize the list of the background fields of the effective theory in 
D = 10 dimensional space-time, fields living on the D5-brane and the rest fields. 



Sector 


x» Gu = 0,l 5 ... ,9) 


x i (i = 0,l,...,5) 


x a (a = 6,7,8,9) 


NS-NS 


r eff 

$ = 




Cr^P (decoupled) 


NS-R 


(*e//)S 






R-R 


F af3 
P eff 


^ye//-jaift ^je}}^ a2 /3 2 ^jef^ ai /3 2 

f«2& Jaife 
J 14 W23 'J 13 





Table 2: Background fields of the effective theory: the complete set, part living on D5- 
brane and the rest fields eliminated from the theory 



Now, using the relation (|A.16P and (|B.8p . we rewrite the Lagrangian ()5. 13[) in terms 
of Z)5-brane variables and background fields. We want to establish relation of such theory 
with effective one (j5.8H . Comparing terms linear in fermionic momenta and independent of 
background fields, we obtain the following connection between coordinates and momenta 
of these theories 



7T n 



2(r+n 

Pa+Po 



7T n 



T(p-p)L 



where 



£ a = p s a = -P s (*T9) a , C = P a [9 a + CT9) a ] 
p a = P s -K a = -P s (it*T) a , p a = P a ir a = P a (7f*r) c 



(5.15) 

(5.16) 
(5.17) 
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Note that these are just relations (|4.6p rewritten in terms of ten dimensional spinors. 
Putting these relations into expression for C 1 , we have 

C*(A*) = £ eff {A eff ) , (5.18) 

where A 1 and A e f ' denote background fields of type I superstring theory and the effective 
theory, respectively. So, D5-brane background fields of type I theory can be expressed in 
terms of the corresponding ones of type IIB theory as 

Gl J= Gf, = (* e// )f , (<W = (*.//)?" , (5.19) 

= / )«i/ 3 i , (f^ I] ) a ^ = (fli f ) Q2& , (5.20) 

^(/x ( 2 I)ai/?2 " /ff^ 1 ) = {fll S T^ , (5.21) 



l/,(J)aift _ ,*(l)ftan _ Faift 1 / *(/) a^ft _ #•*(/) /92Q2\ _ Fa 2 /3 2 

2 Ul4 Jl4 ) — Ju > 2 ^ 23 '23 J — J23 



2 Vl3 J24 ) — J 13 ' 

where the right-hand sides are defined in (|3.27p . (|5.9p and (|5.10p . The bispinors from 
the last three lines in Eq. (|5.21|) can be written in terms of antisymmetric tensors (see 
Appendix B) 

/g = /(D) " ~^±^ ±j , /W = /y - V* ±fc7fo] * ± , , 

/i 7) = /i " ^G fc, tf ±fc 7i*±z , /$ = fijk ~ lG lm * ±nm *± m . (5.22) 

Here we write general forms of type I D5-brane R-R background fields in terms of type 
IIB ones. Field strength /j and appear as the coefficients in gamma matrix expansion 
of the bispinors fn, f22, /i4 and f'23, while /( ) and in the same sense are related to 
fi2, /2I) /13 and /24. Because and are antisymmetric tensors, they can be 

expressed in terms of fi, while f$ and /^P contain both fa and /ijfc tensors. 

Fields Bij, and ^2, odd under f2 parity transformation, are not completely elimi- 
nated. They appear as bilinear terms in type I D5-brane background fields. Consequently, 
we obtained the generalized expressions for type I D5-brane background fields in terms 
of the type IIB D5-brane background fields. The quadratic terms in the expressions for 
effective background fields can be considered as supersymmetric generalization of the open 
string metric G e JJ obtained by Seiberg and Witten [8]. 
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5.3 Embedding of /}5-brane in type IIB and type I superstring theory 
using T-duality 

Using the expressions for type I superstring background fields in terms of type IIB ones 
obtained in [T] and T-duality transformations [9] along x a (a = 6, 7, 8, 9) directions, we find 
the expressions for background fields obtained in previous subsection. 

In the third article of [9] type IIA/B superstring theory is considered and finding of 
T-duality transformation along one direction is demonstrated. Here we will apply the 
presented procedure for type IIB superstring theory and four x a directions which are 
chosen to be orthogonal to D5-brane. 

We start with the action of type IIB superstring theory in pure spinor formulation 
given in (|2,10p in the form 

S = k J (f^d+x^U+^d^x" (5.23) 

where the background fields are constant, IL±f_ lu = B^ v ± \G lLV and d± = d T ± do-. We 
suppose that the action has a global shift symmetry in x a (a = 6, 7, 8, 9) directions. So, 
we have to introduce gauge fields v± and make a change in the action 

d±x a -> d±x a + v a ± . (5.24) 

For the fields vl we have to introduce additional term in the action 



+ / d 2 i 



5 gauge 



\^ jj 2 iy a {d + v a _-d.vl), (5.25) 



which produces vanishing of the field strength d+v°L — d-V+ if we vary the action with 
respect to the Lagrange multipliers y a . The full action has the form 

S* = S(x\x a , v a ± ) + S gauge (y a , 4) . (5.26) 

Let us note that on the equations of motion for y a we have = d±x a and the original 
dynamics survives unchanged. 

Now we can fix x a to zero and obtain the action quadratic in the fields v±, which can 
be integrated out classically. On the equations of motion for v± we obtain expressions for 
these gauge fields in terms of x l (i = 0, 1, . . . , 5), y a and momenta, 7r Q and 7f Q , 

v a + = 2(2d + xm +ib - d + y b - -7r a ^)Q b - , (5-27) 
v a_ = 2 Q^(2U +bi d.x l + d.y b + -fcg'Tfo) , (5.28) 
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where 

8? = (G~ 1 Ti-g~jf) ab , g e i f = -AU ±ac G cd U Tdb = G ab - 4B ac G cd B db . (5.29) 

Substituting expression for v± in the action S* we obtain the the dual action from 
which we read the dual background fields 



n + jj = n + jj + 4u +ia Q ab u + bj , 


(5.30) 


u +i a = 2n +i6 e 6a , n a +i = -2e ab u +bi , 


(5.31) 




(5.32) 




(5.33) 


% = -ct*)? - 4n +io ei 6 (*r% , 


(5.34) 




(5.35) 


- an r - 


(5.36) 


F afi = — \(F — 8* a G^ 6 f 6 )*rl aP . 


(5.37) 



Symbol A denotes dual background field of the arbitrary field A. We redefine the fields 
^ and F a ^ as well as all other bar variables multiplying them with — *r (|5.14p . From 
(I5.30j) - (15.32p we obtain the T-duality transformation rules for the fields G^ v and 

Gij = Gij + 4Gi a <d ab B b j + 4B ia Q ab G b j — 4B ia (g~^) ab B b j — Gi a {g~jf) ab G b j , 
G % a = 2G lb e ba -2B rb (g; f 1 f ) ba , G ab = {g-} f )<* , (5.38) 

Bij = Bij + 4B ia Q ab B b j + Gi a Q ab G b j — Gi a Q ab B b j — B ia {g~^) ab G b j , 

Bf = 2B ib Q ba -lG ib {g-} f ) ha , B ab = -e ab , (5.39) 

where Q ab = (g~LBG~ l ) ab . 

Our choice of background fields introduced in Section 2, Gi a = 0, Bi a = B ab = 0, 
$2 = #2 = 0, implies 

= Gij , Gi a = 0, G ab = G ab , (5.40) 
Bij = B^, Bi a = 0, B ab = 0, (5.41) 

#«* = , = 2 , * r = ^r 1 . = > ( 5 - 42 ) 

ill ~~ ^11 ' J12 ~~ J 12 ' J21 ~ J21 i J22 ~ J22 > 

fO.\fil _ _ rOtifc fCtlPl _ fOtifii f«2/32 _ _ fOt2/3 2 f0.lP\ _ fOt^Pl ( K A A\ 

J13 — J13 ' JU — JU > J23 ~ J23 ' ^24 — J24 • W-^V 

The same procedure we repeat for type I superstring theory which Lagrangian is given 
in (|5.13p . The form of the dual field for type I superstring theory is the same as for type 
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IIB one up to the condition B^ u = and = We have 

'ij ^ J ia^- r I ^bj ' 



^ij — U ij ~ ^ia^I ^bj > \ U )i ~ U ) U I — U I i [O-^O) 



B T =0, = --Gf b G b f , Bf = 0, (5.46) 



1 

-( 

2 

^ I )f = ^ I )?-^ I r a (G I r b G I bl , (5.47) 

(i&i) aa = — Gj a , (5.48) 

Ff = Ff + 4(* x )^Gf , (5.49) 

where for simlicity -F^ 3 stands instead — (Fj*T) a P used in Eq. (|5.13p . Choosing background 
fields as in Section 2 of the present paper, we have 

G\ 3 = G\^ (GV = 0, Gf = Gf, (5.50) 

= (*/)£ , Ff=Ff, (5.51) 

= (Bj)i a = (B^ = , (l0 Qa = . (5.52) 

Using obtained duality transformation for type IIB and type I superstring theories we 
can reproduct the results of the prsent paper from the results of Ref.pQ. For example, 
from the expression for type I superstring metric obtained in [1 

GU = G ^ ~ ^ p GP x B Xu , (5.53) 

after T-duality transformation we have 

Gfj = Gij - ±Bi k G kl B Xj - ±Bi a B aj = Gf = G\ 3 . (5.54) 

6 Concluding remarks 

In this paper we considered relation between type IIB and type I theories with embedded 
Z?5-branes. We used the pure spinor formulation of the theories introduced in Refs.jS] 
restricting our analysis to the quadratic terms. We suppose that all background fields, the 
metric tensor G^ u , antisymmetric NS-NS field B^ u , gravitino fields Vl/" and and the 
R-R field strength F a ° , are constant. 

In Ref.pQ we showed that type IIB superstring theory, on the solution of appropriately 
chosen open string boundary conditions, corresponds to the type I superstring theory. 
It means that we obtained relation between D9-branes in these theories. In the present 
article, instead D9-brane we considered D5-branes which are stable in both theories. 

Using canonical method, following |1U] . we derived boundary conditions from the re- 
quirement that Hamiltonian, as time translation generator, has well defined functional 
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derivatives in supercoordinates and their canonically conjugated supermomenta. All bound- 
ary conditions at string endpoints we treated as canonical constraints. Applying Dirac 
consistency procedure they produced an infinite set of constraints. With the help of Taylor 
expansion they can be rewritten as five a-dependent constraints. All these constraints, 
originating from boundary conditions, are of the second class and we can solve them. We 
obtained the expressions for coordinates x 1 , 9 ai , 9 ai , 9 a2 and 9 a2 in terms of effective 
ones, q l , £ Q2 and £" 2 (momenta independent parts of the solutions for initial 

supercoordinates x l , ai , 9 ai , 9 a2 and 9 a2 ) and momenta pi, p ai and p a2 (canonically 
conjugated to q l , £ ai and t; a2 respectively). 

Effective Lagrangian, obtained on the solution of boundary conditions, is even under 
orientifold projection O in six dimensions. In fact it has form of type I superstring theory 
with embedded D5-brane. As a result we obtained the expressions for _D5-brane back- 
ground fields of type I theory in terms of the corresponding ones of type IIB (I5.2ip . Note 
that second parts of effective backgrounds in (|3.27p . (|5.9p and (|5,10p . bilinear in f2 odd 
fields are our improvements to the well known first parts, linear in Q even fields. Seiberg 
and Witten [S] obtained term with square of the Kalb-Ramond field B^ u in the open string 
metric G e JJ . Our quadratic parts of the effective background fields can be considered as 
a supersymmetric generalization of their result. 

In subsection 5.3 we showed that there is a relation between the results of the present 
paper and those from This connection is realized by T-duality transformations along 
the x a directions, which are orthogonal to D5-brane. 

Table 3 contains the background fields of the type IIB superstring theory with embed- 
ded D5-brane, O even projection of type IIB with D5-brane, effective theory and type I 
with L>5-brane. 



Theory 


NS-NS 


NS-R 


R-R 


Type IIB 


('■,, ■ % • *( 0) 




fOClPl fO-xPl, fQ.-2.Px fOL2P2 
Jll iJX2 iJ2\ iJ22 
fdxPx fOi2P2 fOLxPl fOl2Px 

JIA >J23 'Hi 


P S (IIB) 


Gy,*(= 0) 




^ja^axPx ^j?a^a 2 P2 (J^ 1 ^ 2 — f^ 2 " 1 ) 






I fOLxPx f*Px&X\ I fOl2P2 f*P20-2\ 
Ul4 J 14 h \J23 J23 ) 

( fCtxfil f*$20lx\ 

U13 /24 I 


Eff. 


Gj",*(= 0) 


(* e// )r 

(*e//)f 


ffZ}t\axPx ^ e tt^axP2 ^j ef }^a 2 P2 

JolxPx IQ2P2 fOtX&2 
J 14 'J 23 'J 13 


Type I 


Gj j ^ I (= 0) 




(f a ( J )\axPx ( M I )\a 2 P2 ( f{ I ) a ifo f(I)P2ax\ 
Ull / >U22 ) >Ul2 J21 ) 
r M)axPx f(I)Pxax*\ 1 f{T)oiiP% f{I)P20t2*\ 
U14 /l4 /> U23 J 23 ) 

/ f(I)axP2 f(I)P2CXX*\ 

Ul3 J24 I 



Table 3: Superstring theories and their background fields 
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The last three rows contain the same sets of background fields. Usual identification of 
type I theory with P S {IIB) preserves only fi even fields. We identify type I theory with 
effective one and obtain improvement with squares of f2 odd type IIB fields. 

Consequently, while the even fields appear in known manner, the fi odd fields, which 
are eliminated in standard approach, here have two roles. They are source of noncommu- 
tativity and their bilinear combinations are additional terms of effective background. So, 
if naively, type I superstring theory, as f2 even one, can not recognize explicitly odd 
fields of type IIB theory, it can see them implicitly as f2 even combinations in effective 
background. 



A Gamma matrices and spinors in D = 10 and d = 6 dimen- 
sions 

The fermionic variables of the type IIB superstring theory, 9 a and 9 a , are 10 dimensional 
Majorana-Weyl spinors with 16 real components. In order to express them in terms of 
general complex 32-component Dirac spinors, and to investigate their relation with D5- 
brane spinors, we have to introduce some representation of gamma matrices. We will 
use notation and conventions introduced in Appendix B of the first reference in |2j. The 
gamma matrices in D = 10 dimensions are of the form = (T l , T a ) 

r s = i 8 ®7 a , (A.i) 

where 7* (i = 0, 1, . . . , 5) is 8 x 8 representation of gamma matrices in d = 6 dimensions, 
while 7 a (a = 6, 7, 8, 9) is 4 x 4 representation of gamma matrices in d = 4 dimensions. 
Matrices 7° are of the form 

7 7 

7 9 = ( ~T ) > (A.2) 

where the matrices G{ are Pauli 2x2 matrices 









For the corresponding 7^+1 matrices in D = 10 and d = 6 dimensions we will use symbols 
T and 7, respectively. According to the definition [2], we have 

r ^n^ = 7®( CT n 3 _° V 7 = -IK> (A-4) 
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where T and 7 are symmetric matrices, T T = T and 7 T = 7. 



A.l Complex conjugation of gamma matrices 

The complex conjugation of gamma matrices can be described by operator B\ 

b x = r 3 r 5 . . . r d_1 , (A.5) 

which maps to T^* 



(A.6) 



(A.7) 



Bj^Bf 1 = (-1)— r^*. 

In the case D = 10 operator B\ is of the form 

b 1 = r 3 r 5 r 7 r 9 = h ® ( i(J2 V 

y ic7 2 J 
where 61 is the corresponding one for d = 6 

61 = 7 3 7 5 . (A.8) 
Matrix B\ is symmetric, Bf = B\, while the matrix 61 is antisymmetric, b\ = —b\. 

A. 2 Charge conjugation operator 

The transposed gamma matrices satisfy the same algebra as original ones. There are 
similarity transformations which map from to — T^ T and 7* to —^ %T 

CT»C~ l = -T» T , cfc" 1 = -Y T , (A.9) 

described by charge conjugation operators 

C = B 1 T°, c = 6i7°. (A.10) 

In D = 10 dimensions operator C is antisymmetric, C T = —C, while the corresponding 
one in d = 6 dimensions is symmetric, c T = c. 

A. 3 From ten dimensional to six dimensional spinors 

From D = 10 Major ana and Weyl conditions 

e* = B 1 6, T9 = 9, (A.11) 
it follows that independent components of general 32 component Dirac spinor 

/ 01 \ ( 01 \ 

, (a = 1,2,..., 32) (A.12) 



02 

V #4 / 



<?2 

he* 
V -Ml / 
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are two 8 component spinors and 6% 2 («i , ai = 1, 2, . . . , 8) with constraints 

7*1 = 01, 702 = -^2, (A.13) 

which we recognize as two opposite chirality Weyl spinors in d = 6. Similarly, from 
tt t * = Tr T Bf and 7r T r T = tt t , we obtain 

Ta=(iri, vr 2 , -vr^i, tt^i J , (A.14) 

7Ti7 = TTl , 7T 2 7 = -7T 2 . (A. 15) 



with 



Consequently, we have 

TT a 6 a = 2$(ir ai 9 ai + TT a2 9 a2 ) , (A.16) 
where symbol 5? means real part of some complex number. 

B Field strength F a ^ in terms of antisymmetric tensors 

The connection between two descriptions of R-R sector, field strength F a/3 and anti- 
symmetric tensors can be established [7j, where in short-hand notation denotes 
fc-rank antisymmetric tensor. It is known that bispinor F a/3 = S a (F°S)^, made from same 
chirality spinors S a and S a for type IIB theory, can be expand into complete set of 10 
dimensional antisymmetric gamma matrices 



D 1 

r?R = {cv^-^yp (B.i) 



F - 1^ ki F ( k ) T (k) ' 

k=0 



(k) 

where C is charge conjugation operator defined in (lA.lOp . Here 

p[/ilM2-Mfe] = p[/iip/^2 _ _ _ TVfc] ^ (B.2) 

is completely antisymmetrized product of gamma matrices. 

The bispinor F a ^ satisfy chirality condition, TF = —FT, and, consequently, type IIB 
theory contains only odd rank tensors F^y Because of duality relation, the independent 
tensors are , F^ and self-dual part of F^ . Using mass-shell condition (massless Dirac 
equation for F al3 ) these tensors can be solved in terms of potentials F^ = dA^_iy so 
that IIB theory contains the potentials ^4( ) > ^(2) and ^4(4) • The number of independent 
components of F a @ is exactly 256, while the number of degrees of freedom is 64. 

The matrices Tm and Ttg\ are symmetric in spinor indices, while the matrix IV3) is 
antisymmetric. So, the symmetric part of F a/3 , F^ = \{F a ^ + F^ a ), corresponds to the 
field strengths Fn\ and ^(5), and antisymmetric part, F^ = \(F a ^ — F^ a ), corresponds 
to the field strength F^ . 
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Using the form of bispinor F a/3 = S a (T°S) 13 , the form of spinors (|A.12p and expression 
for T° (TA~Tj) . we obtain 



where 



(B.3) 
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/li = Si(7°Sl), /i2 = 5 1 ( 7 5 2 ), /21 = 5 2 (7%) , f22 = S 2 ( 7 °S 2 ) , 

fl3=S 1 (j°S* 2 ), /l4 = 5l(7°^), f23 = S 2 ( 7 °S* 2 ), /24 = S 2 (7 ^), 

and /n corresponds to f* 1 ? 1 , f\ 2 to f ai @ 2 etc. 

The chirality condition TF = —FT splits into eight conditions 



(B.4) 
(B.5) 



7/ll = - fill , 7/l2 = /l27 ! 7/21 

7/l3 = /l37 , 7/l4 = ~/l47 , 7/23 



/217 ; 7/22 = -/227 ) 
~/237 ) 7/24 = /247 ■ 



(B.6) 
(B.7) 



We are going to apply the same procedure as in D = 10 and expand /n, /12, /21, /22 5 
/i3> /i4> /23 and /24 into complete set of 6 dimensional antisymmetric gamma matrices 
7( fc ) = (cry'- 11 — From the chirality conditions for /n, /22, /14 and /23 it follows that they 
contain odd rank tensors /m and self-dual part of /(3) , while from the chirality conditions 
for fi 2 , /21 , /13 and f 2 , it follows that they contain even rank tensors /( ) and /( 2 ) • Using 
mass-shell condition these tensors can be expressed in terms of potentials as f^) = da^-i)- 
Consequently, fxi, f 22 , fiA and /23 contain potentials a( ) and self-dual part of a( 2 ), while 
fi2-> f2i, fi3 and /24 contain potential at\\ (a(-i) is not a physical degree of freedom). The 
number of independent components of /n, /22, /14, /231 /i2> /2I7 /13 and /24 is 128, while 
the number of degrees of freedom is 32. 

In analogy with the case D = 10, in d = 6 dimensions, symmetric parts of /n, /22, /14 
and ^23 correspond to the field strength /( 3 ), while their antisymmetric parts correspond 
to the field strength fn\ . 

Using the expressions (IA.14j) and (IB. 3ft . we have 



7T 



(B. 



25R(7T ai /f 1 l/3l 7r /3l +7T ai fi4 



+ 2^(vr a2 / 21 2Pl 7r^ - TT a J 12 2 TTp 2 + TTaa/24 
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7T, 
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"ai J 13 
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C Complex coordinates and their canonically conjugated 
momenta 



Lagrangian contains complex coordinates and momenta. It is important to determine the 
basic Poisson structure between coordinates and momenta. 
Let us start with one term from the Lagrangian (|2,11|) 

2^[-TT ai (d T -d a )9^} . (C.l) 

Decomposing 9 ai and ir ai in real and imaginary parts 

9 a i=e?+i9%\ 7^=7^+174, (C.2) 

expression (jC.ip gets the form 

- 2t4 (d T - d a )9^ + 2< (d T - d a )0? . (C.3) 

The canonically conjugated momentum for 9" 1 is 27r* , while for 9^ x is — 27r„ , which 
means that all nonzero Poisson brackets are 

Using these relations we easily obtain Poisson brackets of the complex variables 

{9^ (a) , tt 01 (a)} = -S^ Pl 6(a - <r) , {9°* (a) , (a)} = , {9*°« (a) , tt 01 («r)} = , 

(C.5) 

where * means complex conjugation. This means that 9 ai and ir ai are canonically con- 
jugated complex variables, while 9 ai and 7rt are canonically independent. The same 
procedure can be repeated for all other terms in Lagrangian. 
Similarly, in definition of canonical Hamiltonian we have 

^2< - 9^2ir 2 a2 = 2fc(0 ai 7r ai ) = 23?(r^< i ) . (C.6) 

D Consistency procedure for fermionic constraints - explicit 
expressions 

In order to investigate the consistency of the fermionic constraints (I3.15P and (13. 16f) . we 
have to apply consistency procedure to the variables 

If we define the recurrent equation 

= {iy c) ^W} ) ( n >0) (D.l) 
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we obtain 



(0ai)(2n) = d (2n) eai ^ ( Q a 2 )(2n) = ^(2n)^a 2 ? ( D 2 ) 

( @a 1) (2n+l) = _ d (2n+l) eai _ y«i j _ -LfgPi d^fr ~ ^~ fu^ TT*^ 

(0 a 2) (2n+l) = _ d (2n+l) e a 2 _ #"2 d (2*+l) j + J_ figth Q {2n) + }_ f ^2 Q (2n) 

- ^M* ** ~ yJ^ 1 ^^ + ^d^(I +i + 7_,)*f (D.3) 

( <*l)(2n) _ Q(?n)Qai ^ ^ a 2 )(2n) _ Q^2n)Qa 2 ^ (D.4) 
(0 ai)(2n+l) = d {2n+l)Q a , + ^a^n+l)^ + L^^f^ + 1 d jM ftf** 

(0 a 2) (2n+l) = a (2n+l)^a 2 + ^ 2 ^2n+l)^ _ ^^TTft/g 02 - -L^TT^f 2 " 2 



(n Q1 )W = (-i)»aW7r Q1 , (n a2 )W = (-iro(")7r Q2 , 

(n Q1 )W = 4")7f Q1 , (n a2 )W = a(»)7f a2 . (d.6) 

Defining the function 

oo n 
n=0 n - 

we introduce compact cr dependent expressions for the corresponding variables after con- 
sistency procedure 
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ZK Jq ZK Jq 

+ ^f?'*? £da 1 P t (I +j + I- j ), (D.9) 
n ai (cr) = 7T ai (-£r), II Q2 (cr) = 7T a2 (-cr) , 

flayer) = 7f ai (cr), fl a2 (a) = 7f Q2 (a) . (D.10) 
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